Aims-To investigate the expression of the imprinted oncofetal H19 gene in human bladder carcinoma and to examine the possibility of using it as a tumour marker, similar to other oncofetal gene products. 
Cancer cells share many features with embryonal cells. These include characteristics linked to reduced diVerentiation, rapid proliferation rate, and the ability to invade. The main diVerence between the two types of cells is the coordinated and tight regulation of gene expression in the normal process of embryogenesis. Many of the genes that are expressed during embryogenesis and downregulated with maturation are re-expressed in cancer. These genes have been designated oncofetal or oncodevelopmental genes. Oncofetal genes have been used widely as markers of the reversal of the tissue to a less diVerentiated phenotype.
Imprinted genes comprise a unique group of genes that play a pivotal role in embryogenesis and fetal development. 1 These genes are subjected to an epigenetic modification of their expression by silencing one of the two alleles depending on the gamete of origin. The H19 gene was one of the first genes known to be imprinted in mice and humans. [2] [3] [4] It is located on an imprinted domain of human chromosome 11p15.5 and the syntenic region of mouse chromosome 7. H19 is expressed from the maternal allele and is tightly linked to the imprinted paternally expressed insulin-like growth factor 2 (IGF2) gene, which resides next to it on the same domain. 5 The H19 gene is abundantly expressed from the early stages of embryogenesis through fetal life in many tissues and is downregulated postnatally. [6] [7] [8] Its product is an untranslated RNA molecule. 9 Although its role has been investigated for more than a decade, its biological function is still under debate. 10 11 However, a major role for this gene in embryogenesis is implied by its high degree of evolutionary conservation. 12 We were the first to document the high expression of the H19 gene in human bladder carcinoma. 8 13 14 The aim of our present retrospective study was to explore the possibility of using it as a tumour marker. We found that the mean fraction of tumour cells expressing H19 was reduced in parallel with the loss of tumour diVerentiation and in invasive bladder cancer. Moreover, H19 expression was found to be a marker of early tumour recurrence, independent of tumour grade.
Materials and methods
First biopsies of transitional cell carcinoma of the urinary bladder were selected from the files of the pathology department at the Hadassah Medical Centre in Jerusalem. Histological grading according to the WHO classification 15 was performed on the biopsies by one pathologist, a specialist in urological pathology, who was unaware of the in situ hybridisation (ISH) results (GP). Representative paraYn wax blocks from each patient were sectioned and, using the digoxigenin labelled antisense H19 probe, ISH was performed according to Ariel et al (fig 1) . 16 Fetal bladder mucosa was used as a positive control and controls for the specificity of the ISH were used as described previously. 16 The fraction of cells expressing H19 was defined as "quantity of H19" and was graded as follows: only a few cells (< 5%), ± (0.5); up to one third of the cells, + (1); one to two thirds, ++ (2); more than two thirds, +++ (3) . The intensity of the staining was evaluated by microscopic examination and graded as no staining (0), weak (1), moderate (2) , and high (3) .
The demographic and clinical data obtained from the patients' files included age, sex, stage of disease, and the period of time from the first procedure (only in patients with no residual disease) to the first recurrence.
The statistical tests used in our study to evaluate the association of the number of cells expressing H19 and the intensity of staining with tumour grade and stage included the Kruskal-Wallis (one way ANOVA) and MannWhitney non-parametric tests. Disease free survival was calculated from the first surgical procedure to the first recurrence or last clinic visit. Patients with residual disease after the first procedure were excluded. Kaplan-Meier plots and log rank and Breslow tests were used to evaluate the association of disease free survival with the fraction of H19 expressing cells in the tumour and staining intensity. 17 18 The statistical analysis was performed using SPSS for Windows (version 8.0, SPSS Inc, Chicago, Illinois, USA).
Results
We studied a total of 61 patients from the Hadassah Medical Centre, of whom 49 were men (80.3%) and 12 were women (19.7%). The male to female ratio was 4.7 : 1. In Israel the age adjusted incidence rate for bladder carcinoma is 4.7 higher in Jewish men compared with Jewish women, 19 whereas in the USA the ratio is approximately 3 : 1. 20 The mean age was found to be 68 years (SD, 13) . This is similar to the age of patients with bladder cancer in the USA, which is primarily encountered in men 50-70 years (median and mean 64 and 68 years, respectively).
We excluded patients with carcinoma in situ not accompanied by papillary cancer. Of the remaining 56 patients, the expression of H19 in more then 5% of the cells was found in 47 of the 56 (84%) tumours. The mean quantity of H19 was calculated for each tumour grade and was found to be 2.02 (SD, 0.90) for grade I carcinoma (32 cases), 1.50 (SD, 0.97) for grade II (10 cases), and 1.18 (SD, 1.12) for grade III (14 cases). The diVerence was found to be significant (p = 0.03) by the KruskalWallis one way ANOVA test (fig 2) .
Normal bladder mucosa, when present in the sample, was always negative, as we have reported previously. 8 13 Because of the small number of invasive tumours we grouped together all the stages of invasive cancer (superficial and deep). The quantity of H19 was calculated for tumour stage, and non-invasive tumours (T a ) were compared with superficially and deeply invasive tumours (T 1 -T 4 ). We found that in 39 non-invasive tumours (T a ), the mean quantity of H19 expressing cells (1.91 (SD, 1.02)) was significantly higher than in invasive tumours (T 1 -T 4 ), which had a mean quantity of 1.05 (SD, 0.96; Mann-Whitney test, p = 0.03) ( fig  3) .
Disease
The intensity of ISH staining and the combined value of intensity plus quantity was Our finding that H19 expression is more abundant in low grade bladder carcinoma but that it is also a marker of early tumour recurrence prompted us to analyse further the data controlling for grade. The disease free survival in our series was reduced with increasing tumour grade in accordance with the literature. In our series, the median disease free survival for grade I was found to be 34.5 months, for grade II 19.2 months, and for grade III 6.4 months. We then selectively analysed the risk of tumour recurrence for quantity of H19 in those patients with grade I tumours. The median disease free survival for quantity of H19 grading 3, 2, and < 2 was found to be 8.3, 37.5, and 54.6 months, respectively (p = 0.03 by log rank test; p = 0.02 by Breslow test).
Discussion
Cancer has become a major cause of morbidity and mortality in Western society as a result of the increased longevity of humans combined with their increased exposure to carcinogens and other hazards of the industrialised world. The understanding of the basic biological processes involved in carcinogenesis at the level of a single cell, the tissue, and the organism as a whole may lead to better prevention, diagnosis, and treatment of human cancer.
In recent years, we have extensively investigated the expression of the H19 gene in human bladder carcinoma. 8 13 14 In a preliminary study of a small number of randomly selected samples we found that H19 was expressed mainly in grades II and III bladder cancer and only rarely in grade I carcinoma. 13 This impression was found to be inaccurate by our present larger scale study of first biopsies. This could be because of the small number of cases in our previous pilot series, which was biased by the unbalanced ratio of high grade invasive tumours, and did not reflect their relative frequency among bladder carcinomas. In our present study, the ratio of the diVerent grades of bladder carcinoma reflects their prevalence in the population, as well as other demographic data on patients with bladder carcinoma.
We found that the mean fraction of H19 expressing cells was reduced in parallel with the loss of tumour diVerentiation (p = 0.03). Similar findings were obtained when the numbers of cells expressing H19 were compared for non-invasive and invasive bladder cancer, and a larger fraction of H19 expressing cells was found in the non-invasive tumours (p = 0.03). This is not surprising because the stage of bladder carcinoma invasion correlates well with tumour grade. The reduction of oncofetal gene expression with the progression of tumour grade is well recognised in the case of another oncofetal gene product-carcinoembryonic antigen (CEA) in colon cancer. The serum concentration of CEA is raised in as many as 95% of patients with well diVerentiated tumours, whereas it is raised in only 30% of those with poorly diVerentiated colonic adenocarcinoma. 21 This raises the question of the use of H19 as a tumour marker. Because H19 functions as an RNA molecule there is no protein product to be detected in the blood or body fluids. This limits the usefulness of H19 as a tumour marker for cells and tissues. We have shown in our present study that the quantity of H19 expressing cells in bladder carcinoma could be used as a prognostic marker to indicate early tumour recurrence. Its expression (as demonstrated by ISH) could be used as a predictive tumour marker for the selection of a subpopulation of patients who would benefit from gene therapy based on the transcriptional regulatory sequences of H19.
Gene therapy could be considered as an adjuvant treatment in patients with superficial refractory bladder carcinoma, in whom the tumour recurs despite multiple surgical resections, chemotherapy, and/or immunotherapy (BCG). The latter cause serious local and systemic adverse reactions. 22 23 Gene therapy for cancer is based upon the combination of a cytotoxin with the control elements of a gene highly expressed in cancer cells but not in the normal tissue. After transfection, these control elements activate the cytotoxin in cells that express the specific gene, thereby destroying them. H19 is expressed in a larger fraction of tumour cells in well diVerentiated non-invasive tumours and, therefore, these tumours are more likely to benefit from gene therapy based on H19 transcriptional regulatory elements.
Although histological grading and clinical staging are important prognostic factors in bladder cancer, they do not allow an accurate prediction of tumour behaviour within each group. 24 Scientific progress in molecular biology, immunology, and cytogenetics in the past decade has led to a better understanding of tumour biology and tumour characteristics, and the more accurate evaluation of potential tumour behaviour. An ideal tumour marker is characterised by a high degree of sensitivity and specificity, and provides diagnostic and prognostic information on tumour behaviour as well as a prediction of its response to treatment. Some markers can predict recurrence and tumour progression in superficial bladder cancer, as seems to be the case for H19, whereas other markers are better predictors of the behaviour of invasive carcinoma. Tumour progression might occur through several diVerent pathways. Therefore, the evaluation of multiple markers in each tumour will allow a more accurate and individual therapeutic approach. We suggest that H19 should be considered a tumour marker that combines prognostic and predictive value in patients with refractory superficial cancer. Those patients with more H19 positive cells are potentially at higher risk of recurrent disease and should benefit most from tumour targeted gene therapy using the transcriptional regulatory elements of H19.
We suggest that the evaluation of H19 expression in bladder cancer, especially in biopsies of grade I superficial carcinoma, could be used for the prediction of tumour recurrence and also for the prediction of the response to adjuvant gene therapy based on the transcriptional regulatory sequences of H19.
